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Acoustic modulation 

The present invention relates to the modulation of light traveling along a waveguide, in 

particular to the acoustic modulation of the light. 

5 -.^ - . . .. . ... . - 

It Is known' to acoustically modulate light travelling along a waveguide. Systems for this 
purpose are however not welt suited to situations where a modulator needs to be 
temporarily coupled to a fibre. 

10 According to the present invention, there is provide a modulator arrangement for 
acouistically modulating optical radiation, the modulator arrangement comprising: a 
waveguide portion formed from a fle^dble material; a vibrator element for generating 
acoustic vibratronis; and, a coupling arrangement for releasably coupling the vibrating 
element to the waveguide portion, the coupling arrangement including a first coupling 

15 - member secured to the waveguide portion, iahd a second coupling menriber secured to the 
vibrator element, wherein the second coupling member is rernovable from the first - 
coupling member, and wherein the first coupling member has a substantially rigid portion 
for retaining the shape of the waveguide when the second coupling member is removed 
. from the first coupling memt>er. 

20 

Because the first coupling member has a substantially rigid portion for retaining the shape 
of the waveguide when the first and coupling members are removed from one another, the 
waveguide is less likely to be damaged when the vibrator element is decoupled from the 
waveguide. In addition, because the second coupling member is removable, the second 
SB: Goupflhg member may be removed and coupled to the waveguide at a different location. 

Preferably the first and second coupling members will have respective first and second 
cooperating surfaces which oppose ope another when the coupling means Is in the 
coupled state. The area of the cooperating surface of at least the first coupling member . 
30 can then be made larger tfian the area that the waveguide alone would present for 
coupling, thereby improving the coupling efficiency over that, which would be expected - 
from coupling to an optical waveguide. In particular if the optical waveguide is an optical 
fibre wth a small cross section 



A bore. will preferably be provided In the first coupling member though Which the optical 
waveguide portion extends, thereby securing the fibre to the first coupling member, at 
leastMn^ respect of movement in a radial direction. The fibre, may be Introduced Into an 
existing bore. Otherwise, the lx)re may be fonned around the fibre. In one embodiment, 
5 the first CQupHng member Includes a first oornponent and ^a second component, each 
component having a respective arcuate receiving surface, such that when ttie first and 
second component are brought together, the receiving surfaces forrn, a b0re. -Su5h. aa- . 
embodiment will be useful for retro fitting the first coupling rtiember around a fibre 
fblibwJrig an existing path, since the first and siBObnd components can be brought togeth9r 
10 around the fibre. 

Preferably, at least the first coupling member will be arranged to provide, in the coupled 
state, a coupling medium for carrying acoustic vibrations to the waveguide. In such a 
situation^ the wavieguide will be coupled to the second coupling member through the first 
:^ 15 coupling member. Lil^ewlse, the second coupling member will also be configured to carry _ . . .^^^ 
acoustic vibrations, such that acoustic vibrations can travel from the vibration element and 
through the first and second coupling members t>efore reaching the waveguide. 

A plurality, of first coupling members may be provided at intervals along a waveguide path. 

20 If the waveguide is an optical fibre, the fibre will preferably retain its coating between the 
regions where it is t^pupled to first coupling members. The or each first coupling member 
may be fixedly secured to a structural element such as a yvall or other immovable object, 
so that a fixed point of connection is provided: that Is, the waveguide Is not loose at the 
point where the modulator is to be coupled to the waveguide. This will make ft easier to 

25 quicWY couple the second coupling member to the waveguide. Biicli first coupling member 
will preferably be provided at an attachment point where the fibre is accessible (through 
the fist coupling mernber) for modulation. Between attachment points, the waveguide may 
be rnabcessible, for exarriple because it is located behind or within a wall. 

30 A monftoring station will preferably be provided for monitoring the modulation applied, by 
the modulator arrangement, to sensing signals travelling along the waveguide. The 
sensing signals will preferably be formed by pairs of signal copies, the signal copies 
preferably being transmitted along the waveguide with a time delay relative to one 
another. A disturbance is likely to affect each signal copy of a pair In a different manner, 
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with a result that the combination of the re-aligned signal copies can be used to retrieve,, 
information rnodulated onto the signals 

The signal copies of a pair may be transmitted on a common waveguide, and will then 
5 preferably be retumetd on the (X>mmon waveguide. (However, signal copies of a pair may 
travel on different waveguides, cables or fibres, which may follow the same or diverse 
paths. 

Preferably, the mohitortng station will be configured to transmit the sensing signals along 
10 an optical waveguide, the sensing signals being returned to the monitoring station from a 
point along the waveguide that is beyond the region where a modulation is being applied. 
The signals may be reflected by a reflector, for example a minored surface at an end of 
the waveguide or fibre. Alternatively or in addition, the signals may be returned by a 
process of cKstributed 'backscat^^^^^ along the waveguide, preferably Rayleigfi 
15 backscattering. For Rayleigh backscattering to return the signals siSfhclehtly stnangly. 
preferably 1 km of excess waveguide will be provided beyond the furthest point where a 
disturbance Is to be detected. The amount of excess waveguide required will depend on 
the wavelength of the light (shorter wavelengths requiring shorter lengths of fibre), on the 
output power of the optical source for the sensing signals, and the sensitivity of a detector 
20. for detecting the returned sensing signals. Preferably, the wavelength will be between 1 
and 2 mfcrons, for example in the silica transmission windows at 1550mm,= 1480-nm or 
1310 nm. 

Infonnation may be received from the modulation point by performing the following steps: 
25 receiving from a rernote region returned signal copies previously transmitted to the remote 
region^ the remote regfon residing beyond the locatton at which a modulation is applied; 
and, combining one signal copy of a pair with the other signal copy of that pair, such that 
the combination signal is representative of the applied modulation. 

30 The output signals from a source vnll preferably have, an irregular j?omponent, in which 
case the step of copying, at least in part, the output signal from the source will preferably 
result In the irregular component being common to each of the signal copies of a pair. 
Other characteristics of the signal need not be the same in each signal copy: for example, 
the signal copies may have different amplitudes. The in^gular component will preferably 

15 be random, or pseudo random (by pseudo random, it is meant that although In theory a 
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component is possible to predict, the time or processing power required to do this will 
-make It In practice Impossible to predict).. Since me ou^ut signal has a wavefomn. the 
irregular component may be provided by ttie phase of the wavefomi. for example If the., 
waveform has randomly pccuning phase variations. 

^ -The wavefomi may convenientty be provided by an optical source having a short 
Qoherence time, preferably less than to pIco seconds or even less than/l 4?ico second, the 
waveform being composed of a succession of wavetralns. each having a respective 

■ Mherence length. Generally, the wavelfomn will be much longer than Individual wavetralns. 

10 The signals will In this situation nonnally be fomied from successive portions of the 
waveform, without well defined boundaries being needed between successive signals or 
signal copies. 

in a preferred embodiment, the output from the optical source is fed to an interferometer 
15 stage, such as an un-balanced Mach Zehnder interferometer, where the signal Is copied, 
one copy being channejled to one path of the Interferometer, whilst the pttier copy Is 
channelled to another path of the Interferometer, the transit time associated with each 
path being different, such that a relative or differential delay resutts between the time at 

which the signal copies are transmitted from the Interferometer stage. The same 

20 interferometer stage can then,be employed to. re-allgn the returned signal copies of a pair 
in a partlculariy convenient manner, since the relative delay Imposed In the outbound 
direction will be the same as the relative delay imposed in the return direction, this being 
in each case detennlned by the difference In the transit times of the two paths. In such a 
situation, the combination of the re-aligned signate wHl result In an Interference signal 
25 being output from the Interferortiieter stage. 

The differential delay will preferably be chosen in dependence on the average coherence 
time of the source. The differential delay will preferabiy be rhuch longer than ttie 
coherence time. Preferably, the ratio of the differential delay to the coherence time will be 
30 greater or. equal to 1:3^ yet'more preferably 1:5 o7'even yet more preferably 1:10. 



The delay line of the Interferometer may be 20 km or more, corresponding to a temporal 
offset of about 100 microseconds. 



The signal may be output from the source as a continuouis sitrearn. However, the output 
from the source may also be puisecl or operate in burst mode. 

Further aspects of the present invention are specified in the appended claims. The 
5 Invention will now be described, by way of example only, with reference to the following 
dravvings in which: 

Rgure 1 shows a perspective view of a coupling arrangement according to the 
present Invention, a first and a second member being shown in a.coupled position; 
Rgure 2a shows the first and second coupling members of Rgure 1 in a decoupled 
10 position; 

Rgure 2b is a schematic view illustrating an optical fibre extending through the first 
coupling member; 

. Rgure ~3a Is a p|[an Mew. of clasp^ arrangement for retaining, the first and second . 
coupling members in a coupled position; 
15 Rgure 3b is a crbss sectibhal view along the rine X-X of Rgure 3a; 

Rgure 4 Is a cross sectional view of ttie first coupling member according to a 
further embodiment; 

Rgure 5 shows a rear portion of tlie second member according to another 
embodiment; 

20 Rgure 6 shows another embodiment for the first coupling member 

Rgure 7 shows an embodiment of a monitoring system for detecting a disturbance 
applied using the coupling arrangement of Rgure 1 to 6; and, 
Rgures 8 to 1 3 show further embodiments of the invention. 

25 Rgure 1 shows a coupling arrangement 10 for coupling acoustic vibrations 112 to an 
optical fibre 16. An axially extending portion of the fibre 16 is acoustically coupled to a first 
coupling member 116, the first coupling member being formed from a first coupling 
material 1 17 in which the fibre IfSf Js eml>edded. A transducer element 1 18 for generating / 
acoustic vibrations is acoustically coupled to a second coupling member 120 fonned from 
30 a second coupling material 121, the transducer being embedded In the second coupling 
material. 

As is shown more clearty In Rgures 2a,2b where the first and second coupling members 
are in a de-coupled state, the first coupling member 116 is generally wedge-shaped, 
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having angled facets which come together along a line extending generally parallel to the 
-. fiber. . 

The SiBcond coupling member Is generally rectangular, having (In the orientation of Rgure 
5 2) a forward surface 127. upper and ToWor surfaces 128,129. a rear surface 130 and side 
surfaces 131. A deep V-shaped groovej 32 is provided in the forward surface 131 , which 
groove Is dimensioned to received the first coupling member 1 16. The angle of the groove 
sidewalls closely matches that of the angled facets of the first coupling member, so that 
' when the first aoiipling member is received In the second coupling rnember. the respefctive 
10^ opposing walls and facets are in intimate contact. 

A backing plate 132 Is provided, on which the first coupling member is securely mounted. 
The backing plate has upstanding wa« portfons 136a,136b anwiged such than when the 
fi^t ooupHng rnember Is received In the second coupling member. th6 wall portions 
15 1,36a,136b bVerilethe reispectlve upper and lower surfaces 128.129 of the first coupling 
member. 

In order to releasably secure the first coupling member to the second coupling rnember, a 
- clasp arrangement. 140. is provided in which resilient tongues 142a, 142b are securely 

20 affixed to respective upper and lower surfaces of the second coupling member. The 
tongues are each affixed at a rear end thereof, the tongues each having a cunred portion 
in an intennediate region such that the forward region of each tongue is displaced from 
the respective surface to which it Is attached. Towards the fonward end of each tongue, 
there is provided an upstanding portion 146. When the second coupling member is 

25 moved in the fonward direction (indicated by the arrow of Figure 2a) Into a coupled 
position, the upstanding portion of each tongue engages a ridge 148 In the respective 
upper and lower wall portions 1 36a,1 36b.;thereby securing the second coupling mamber 
in position. The second coupling member can them be released by depressing the first 
and second tongues 142a. 142b., ^ 

30 " . 

In the example of Rgures 1 and 2, the first coupling member tapers to a pointed tip. 
However, in one embodiment shown In Rgure 4, the tip of the first coupling meinber is 
removed, such that the wedge tapers to a surface 125 rather than a line. This will make it 
more likely that the first coupling member will be In good acoustic contact witti the second 

35 coupling member when the two are together. 
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The first coupling member 116 has a bore 150 through which the fibre 16 extends. As the 
width of the bore will be slightly larger than that of the fibre 1 6, a filler such as potting putty 
5 or gel may be used to fill the annulus region between the fibre and th6 inner wall of the 

portion of fibre within the bore nriay retain Its protective coating. Othenvise, in 

order to impnave the a(»usfi6 (xsuplfng ^ coating may be striped such that the glass 
material formed by the core and cladding of the fibre is exposed.tp the filter. As a further 
alternative. In order to embed the ^ssibly bared) flbw"po'rfon In Wcoupl/ng material, 
10 the first couplfng member may be fomned around the fibre. Tfils may be achieved by 
allowing the coupling material of the first coupling member to set or solidify around the 
fibre. The fist coupling member with the fibre portion will In this situation be manufactured 
as a single unit. 

1 5 The optical fibre 1 6 will extend at least a short distance beyond the bore, so that' the fibre 
can be connected or spliced to a further fibre of an optical networit or connected to a 
, , , monitoring station. - 

In another embodiment shown in Rgure 6. the first coupling member Includes a firet 
20 wedge portion 116a and a second wedge portion 11 6b. each component having a 
respective elongate groove, each groove having a arcuate receiving surface 150a.150b 
(semtorcular when viewed along the long axis of the groove), such that when the fir^ and 
second wedge portions are brought together (In the arrow directions of Rgure 6), the 
receiving surfaces fonn a bore 150 In which the optical Hnk can reside. This split wedge 
an-angement allows the first coupling member to be coupled to fibres that have already 
been laid, without necessarily having to break the fibre in order to pass the fibre through 
the bore. 

The first and second coupling material will preferably be substantially rigid arid wl|l have 
30 - the same acoustic impedance to facilitate the transfer of acoustic, waves between the first 
and second coupling members. Ukewise, the filler will be chosen to match the acoustic 
impedance of the first coupling member, as well as that of the optical fibre. In the 
embodiment of Rgure 1. the first and second coupling members are fonned from quartz 
glass. However, the first and second coupling members may be fomied from another 
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, . material that is substantially rigid, such as a non-brltlle but high modulus plastics material, 
for example. 

In another embodiment, the transducer element 11 8 Is mounted on the rear surface of the 
5 second coupling member, as shown In.Rgure 5. The" transducer element 118 Includes 
rectangular layer of piezoelectric material 118a sandwiched between first and second 
dectrode iayare i 1 8b.11 8c, the first electrode layer being In contact with the rear surface 
130 of the second coupling member 120. The electrodes may be a deposited film or layer 
of metal such' as a gold, whilst the plezdelectiric material, may be Uthlum Niobate. 
10 Contacts will be provided towards an edge of the electrodes, for connecting electrical 
leads 149. An alternating voltage source 152 may be used to apply an oscillating voltage 
signal across the electrodes. The voltage source 152 will be controlled by a controller 
unit 154 for modulating the voltage source In order that a data signal may be canied by 
the osciilaiing voltage signal. 

"i'5 

^ince the fibreis flexible, in the absence of the first coupling member, a person may move 

the loose fibre when attempting to couple or decouple a piezoelectric elenrient directly to 
the fibre, which movement may disturb communication already travelling along the fibre 
and/or damage the fibre. However, since the first coupling member is formed from a 
20 substantially rigid material, the first coupling member will protect the fibre 16 when the 
second coupling.element is moved In and out of the coupling posrUon. 

Also, the first coupling member will to some extent guide the second coupfing member 
into position, maJdng it easier to couple the two members quickly. Furthennore, ttie fftet 
25 coupling rneriiber may be mounted on a wall surface t33 as shown In Rgiire 2a, niaklng It 
easier for a person to connect the coupHng member with a single hand, leaving the othisr 
hand free. In ttie embodiment of Figure 2a. the fibre 14 Is buried behind the wall surtacs, 
ttie fibre only being accessible for acoustic coupling at the first coupling meniber. 

30 Furthemiore. the first coupling member will provide an enianged coupling area (per unit 
lengtti of fibre) for receiving acoustic vibrations-as compared to the fibre or fibre cable 
alone, since a fibre or. cable viAW nonnally have a small cross section. In contrast, the 
facets of the wedge portion of the first coupling member provided a large coupling area, 
the cross section of the first coupling member being larger than that of the fibre. Typically, 

35- the first coupling member will be 1 or 2 cm in length in the axial direction, the tip of the 
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wedge extending 1 or 2 cm from the base plate, whilst the angle between the facets will 
be between.10 and 20 degrees. 



5 Rgure 7 shows a communications system in which a monitoring station 1 2 is configured to 
receive acoustically modulated signals which have been applied to an optical link 16 using 

■ •^ a modulator arrangement 1 0. The modulator arrangement is preferably of the form shown 
in Rgures 1 to 6. In which a transducer 118 applies an acoustic wave-like disturbance to 
the link 16. the wave-like disturtiance being amplitude modulated with an information 

10 . signal. 



In more detail, the monitoring station 12 includes an optical source 18 with a short 
coherence time (random phase changes in the output providing an irregular component to 
the signal). Sensing signals (waveform porttons) from the optical source 1 8 are fed to an 

15 interferometer staige 20. here a iVIach Zehnder interferometer having a fiist path 24 and a 
second path 26, The interferometer 20 Includes a first coupling stage 28 for coupling 
optical radiation between the optical source 18, the first and second paths 24, 26, and a 

.. . - signal processing system 29. For light travelling in a fonward direction, that is.'away from 
the source, the first coupling stage 28 acts as a directional power (intensity) splitter. 

20 channelling light from the optical source 1 8 to each of the paths 24. 26. the power to each 
path being shared in a predetennined manner. here in a 50:50 ratio. » 

For each signal provided by the optical source 18 in a given time interval, that signal is 
copied such that there te a first copy and a second copy, the first and second copies being 

25 duplK^tes of one another. One copy travels along the first path 24 whilst the other copy 
travete along the second path 26. A second coupling stage 130 is provided for coupling 
light between the first and second paths 24. 26 and an output 1 35 of the interferometer, 
which output Is connected to the optical link 16. For light travelling in the fonvard 
direction, the coupling stage 130 acts as a combiner, combining the light from the first and 

30 second paths and channeWng thte combined Hght to the interferometer output 1 35. The 
first path of the interferometer has a delay stage 134 for increasing the transit time of light 
travelling therealong behveen the first and second coupling stages 28. 130. such that the 
transit time for light travelling between the coupling stages 28. 1 30 is longer along the firet 
path 24 than it is along the second path 26. For each signal produced by the optical 
35 source, the Interferometer 20 senses to delay one of the signal copies relative to the ottier 
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signal copy, the signal copies being transmitted onto the link 16 at different times to one 
another. • ^ . 

The additional (differer^tlal) delay imposed by the delay stage 134 Is much greater than 
the coherence time of the optical source 18. Thus, when light travelling along the first and 
second paths Is recomblned by the second coupling stage 130. the Interference between 
light travelling along the two paths averages out. such that on average {over a timescale 
much greater than the coherence time) the amplitude of light upon recomblnalioo at the 
secorid coupHng s^^ ' 



10 



An outstatlon 14 Is provided at a far end of the fibre. Reflector means, such as a 
reflecUng surface 132 are provided at the outstatlon 14 for returning signals to the base 
■ station 1 2. For signals travelling in the return direction, that Is. for return signals arriving at 
rhe Interferometer 20 from the outstatlon 14, the second coupling stage 130 acts as a 
-15 power splitter, in a similar fashion to the action of the first coupling .?tage 28 on light in the 
forward direction from the optical source 18. In this way. return signals are copied at the 
second coupling stage 130. one copy being channelled along the first path 24. whilst the 
other copy Is channelled along the second path 26. The first coupling stage 28 then 
serves to cotobln© UgM from the first and second paths in the return direction, channelling 
20 the interference signal (resulting from the combined light) to a signal preceding s\«tem 
.29. ... 



For each signal generated by the source 1 8, there are thus four dupficates of this 
25 signal: a non-retarded signal SO which has travelled along the second path 26 of the 
Interferometer 20 in both the fonward and reverse directions; a first retanded signal SI 
delayed by a delay D In the fonward direction (but not the reverse direction): a second 
retarded signal S2 retarded by the delay D In the reverse direction (but not the fonward 
direction); and, a twice-retarded signal S3 retarded by a delay 2D, signal S3 being 
30 retarded In each of the forward and reverse directions. 

The first and second retarded signals SI , S2 which are retarded in one direction 
only will return to the first coupler stage 28 at the same time. In the absence of any 
disturbance in the fibre 16. these signals are copies of one another and the signals will 
interfere or otherwise combine constructively at the first coupler stage 28. However, if one 
35 of the pair of signals. SI, S2 is modulated or othenwise modified by a disturbance along 
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the ffbre.jhe interference between the two signals will result In an Interference signal 
haying different spectral characteristics to the interference signal which would otherwise 
be produced In this absence of any disturbance to the frbfe 16. 



In the embodinnents shown above, the , transducer of the modulator an-angement 
generates a wave-like disturbance, which is coupled to an optical fibre. The result of this 
is that an elastic wave (preferably a bulk elastic wave) is launched into the transmission 
medium of thel fibre. The etastic waves cause "a kwal drstortlon of the glass structure, 
which changes the refractive index experienced by light travelling atoh^ the fibr^. This 
change in refractive index caused a pfiase modulation in one or both of the (carrier) 
signals of a pair travelling atong the link. However, the interference signal will be the 
result of interference beAween. on the one hand, a signal having been modulated by the 
disturbance at one time, and on the other hand, a signal modulated by the disturbance at 
another time, the two times being separated by the differential delay o. thus, wheri an 
acoustic disturbance is applied to.the optical link 16, the interference signal from the first 
coupling stage 28 will be a , signal at the frequency of the applied acoustte distufbarice. 
Likewise, any amplitude modulated applied to the afcoustic signal will result In an 
interference signal with a corresponding amplitude modulation. - ■ 

The frequency of the elastic wave may be a few kHz, but higher frequencies of a few MHz 
or more would altow for higher data rates. 

The signal processing system includes: a photo-receiver 51 coupled to the first coupling 
stage 28 for converting optical signals into electrical signals; a filter 62 for receiving 
electrical signals from the photo-receiver 51 and filtering the electrical signals; and. a 
Signal processing unit 54. If the Informatipn signal Introduced by the modulator is an 
analogue signal, the prcwessing unit 54 may simply be an amplifier, since the amplitude 
of the interference signal will vary In accordance with the amplitude of the applied acoustic 
signal. However, If the acoustic signal Is amplitude modulated In a digital manner, the 
processing unit will be a digital system. 

The light source may be a Light Emitting Diode, a Fabry-Perot User Diode, or a 
source of amplified spontaneous emission such as an Erbium-Doped Rbre Amplifier or a 
Semiconductor Optical Amplifier, but preferably ttie light source will be a Super 
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Luminescent Diode, since this has a broad and smooth power spectrum, and a short 
coherence time of about 0.5 pico seconds. The radiation, produced. by the optical source 
■ will preferably be unpolarised. or alternatively a de-polarising unit 43- may be provided 
between the light source and the Interferometer, for depolarlslng the light before the light 

5 is injected into the interferometer (the de-pol^sing inft may be for example, a Rbre Lybt 
de-polariser). A depolariser 49 will preferably be provided in one of the paths of the 
interferometer, here, the first path, so that «ie polarisation of light from the first path 
combining In the return direction at the first coupler 28 is at least partially aligned with that 
of the light *iOm the other path. Typically. th6 source will operate at a wavelength of 

10 between 1 micron and 2 microns, preferably around 1 .31 . 1 .48 or 1 .55 microns, in order to 
efficiently make use of standard telecommunications optical fibre, such fibre being 
configured to support single mode transmission at this wavelength. Typically, the fibre v*™il 
have a single core of a diameter which is around 9 or 10 microns. 

■15 "-^ •- - •■ ■ - ■ • ■ 

The firet coupling stage 28, at the source side of the Interferometer, will preferably be a 
- 3x3 coupler (with some ports temiinated), whereas the second coupling stage 130, at ttie 

- transmission side, will preferably be a 2x2 coupler, with one port temilnated. The 3x3 
. coupler is used in pitl^r to create a relative phase bias o1^^ ^2Xf between the optical 

20 fields on its output ports. This can be used to improve the sensitivity of the interferometer. 
(We denote the phase modulation due to a disturbance as Un-)- It can be shown tiiat the 
receiver ac output signal is proportional to: rac(t) = k.Cos{.|.b + M^) + M*)) where, k is a- 
constant of proportionality and « is the data phase niodulation signal. The equation 
shows how the phase bias can be used to select a higher slope region of tiie Cosine 

25 function in order to improve the sensitivity when tfie magnitude of the disturtjance Is small. 

Further details and further examples of embodiments are provWed below, where ttie 
coupling arrangement is referred to as an "dip-orf. 

30 Coupling to a fibre (or a cable): tills approach lends itself particularly well to Indoor 
applications where ttiere Is a long tenn need for a convenient 'access polnf to a fibre via a 
clip-on. Figures 2a,2b show an example In ttie form of a wall-mounted fitting, similar in 
size to a light switch. 
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. For the wallrmounted receiver side of the clip-on a short length of primary coated fibre, 
typically 3cm, is embedded in a wedge comprising a suitable rigid material capable of 
efficiently coupling vibrations to the fibre. In practice fibre tails would emerge from each 
side of this wedge so that the unit can. be readily spliced into the associated fibre cable 
5 during Installation. For the transmitter side of the clip-on a vibrating transducer is 
embedded in a suitable rigid material chosen again for its coupling efficiency. The 
transducer is electricaiV term that, upon application of a data signal, a property 

of the device can be modulated. This modulation can take many forms, for example, the 
transducer with hb data could be resonating at a constant frequency (equivalent a carrier 
10 signal in radio systems) and applying the data could modulate the intensity, frequency or 
phase of that carrier. Alternatively a shift-lceying methodology could be used where the 
transducer only resonates during the *1*s in the data stream, with no resonance during the 
•0*s, or the reverse, the optimum choice of modulation methodology is ultimately the one 
that most efficiently couples data to t^^ 

. . F'9 1 ^illustrates the principle behind coupling the data to the fibre. The transducer, 
suitably modulated, radiates vibrations into the surrounding rnaterial which is fashioned to 

- focus them down on to the fibre. Clearly the two halves of the clip-on must be held in firm 
physical contact for effective coMpling. 

20 

For the design of the transducer guidance can be .taicen from, for example, ultrasonic 
scanners of the Idnd used widely in medicine. They employ a transducer capable of 
resonating at typically 10MHz and can support modulation sidetsands approaching 6MHz. 
Specialist researchers in that field might be valuable partners in developing a trani^ucer 
25 for the cli|7-0n. ~' , 

Example applications of tlie invention: the clip-on can t>e used in situations where the fibre 
is already in place or where a new installation is required. In either case the clip-on 
greatly increases the uses to which the fibre can be put to. and caters for many practical 
30 circumstances. The following examples are not exhaustive but serve to highlight how the 
clip-on can enable new capabilities which can be exploited commercially across many 
business sectors. * " 

Infrastructure for hospital ward communications and sensors: in hospitals, labour intensive 
35 paper based means are used at the bedside, then entered on to the electronic system at a 
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separate location. This Is inefficient and open to errors. Deploying a single continuous 
fibre and a suite, of clip-ons in each ward affords solutions to these issues and delivers an 
inf rastructui^e which can be put to wider use. This is illustrated in Rg 8. 

5 Weaving a length of fibre into a sheet placed between the patient and the bed creates a 
pressure sensor for that particular bed. Occupancy of the bed can then be detected by 
the central sensor controller. By exploiting the locating capability of the sensor system the 
occupancy of multiple beds v^hin the ward can be monitored (scalable to the whole 
hospital). The spatial resolution of this can be enhanced by fibre coils In the vicinity of 

10 each bed which artificially increase the distance between the beds. These cotis 
intrinsically behave' acoustic pickups and so could bei usied by people at the bedside to 
alert the ward staff of an emergency at a particular bed, by speaking the necessary 
, , commands and Gtetaiis from the bedside (i.e., a voice activated emergency alert). Clearly 
ethical and privacy issues may arise from a microphpnic capability at each bed, but a 

1 5 potential opportunity nevertheless exists to improve patient care. 

A clip-on can be located by each bed, as is currently done for mains pdwer/reading iigiit, 
radio ' headphones, etc. Any electrohic pati^nf ^ihtdrmatioh de\^ce being used at the 
bedside cari then upload data direcUy to the ceritral hospital system. This can be done by 
20 physically connecting to a wall mounted cli|>on (ref Fig 1) by the bed or wirelessly to a 
ward-wide access point, which itself is cpnr^ected to the network via a clip-on. Additional 
wall mounted clip-ons could be strategically located around the ward for general use or 
emergericies; .J_. 

25 AH of these capabilities and more not covered here can be delivered by one fibre, which of 
course can also be used to deliver conventional high speed data communication to the 
ward.. 

In practice there would need to be some means of disconnecting the bed from the fibre in 
. 30 Rg 8 to allow bed-ridden patients to be moved around the. hospital. Consequently each 
bed removed from the ward would need to be replaced promptly by a bed with a similar 
fibre sensor in order to maintain fibre continuity throughout the ward. Alternatively fibre 
splitters could be used to create a secondary path at each bed which would maintain 
continuity independent of the bed sensor. In either case, commercial fibre connectors 
35 could give bed the ability to be disconnected form the fibre, but realistically a design 
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specifically optimised for hospital beds In a ward settirig will be preferable, and that will 
require development. 



Traffic monitoring and road side communication: tlisfre is a growing need to continuously 
5 monitor traffic on main routes to prevent/manage congestion, police Vne speed limits, 
assist the emei^ency services, and so on. Coupled with that are emerging business 
opportunities for vehicles to upload data ion engine perfonmahce, location etc to 
centr^ised service provicfers. This and similar opportunities can be addressed by 
depH^ying a fibre and suite of clip-ohs along tiie roadside, as shoWn in Fig 9. 
.. . 10 . . 

The fibre functions is a. vibration sensor which oan be used to detect-the passing of 
individual vehicles or groups. Placing the fibre under tiie road surface as shown 
increases its sensitivity, and repeating that at a Icnown distance along ttie road gives the 
system a-means of computing average speeds 

_ 15 

VVireYess'^aeeess points and emergency communication points can be deployed along the 
fibre and connected via clip-ons attached to the outer sheath of ttie cable (ref Rg 3) or the 
cable duct (ref Rg 4), whichever is appropriate. The wireless oonnectivity_^.v^^^ be 
available to all road lasers who have the necessary technology in their vehicles, whereas 
2b the cabled conr»ectivity at the road side would be primarily for the emergency and 
breakdown services, and road maintenance crews. 

f 

Train tracl<er: for train operators to operate their rolling stock effidentiy and safely it Is vital 
that they know the location of ail their trains. The current metiiodology for determining 

25 train location uses sensors embedded in ttie track at the required intervals. These are 
actuated when the bogies under tfie roUing stock momentanly short circuit tiie parallel fails 
as they pass over. This methodology has several practical limitations, ttie most critical 
being the high latency and the sensitivity to leaves on tiie line, which can disable ttie 
sensor. I^intaining tiiese sensors and Installing additional ones at neyy sites is costiy and 

30 requires a fairly significant infrastructure along the trackside. 

Rg 10 shows how a trackside fibre and clip-ons can deliver a potentially more robust 
location system. Location sensors can be deployed along tine trackside and connected to 
tiie fibre via suitable clip-ons. Each sensor wili be tilggered by tiie passage of the train 
35 using, for example, vibration or a radio pinger transmitted from ttie train. The toc»tion of 
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each sensor can be determined by the sensor controller or from the unique header on the 
d€^ta packet, or perhaps both to maximise robustness. In practice sensors will be 
deployed qlpse together within, stations so that the relatively slow motion of the train can 
be reliably monitored, whereas a wider spacing is adequate between stations since the 
5 speed is high and train separation on the same track is (usually) sufficiently large. 

Cllp-pns combined witii wireless access points along tiie trackside can also be used by 
ttie travelling passengers to upload data to service providers, along tiie lines illustrated in 
Fig 9. Similarly, emergency sen^ices and trackside maintenance crews will have access 
10 via appropriate clip-ons. 

Underground tunnel or train system: as with surface train systems, there Is also a critical 
requirement in underground train systems to know the location of trains, and the solution 
.. illustrated in. fig 10 Is an example of how that could be satisfied. However, more so with 
15 underground than surface train systems, there is a requirement for a robust 
comrnunic»tlon infrastructure for the malntenarice crews and emergehcy services. f=lg 1 1 
shows a generic example of how that could be delivered. 

Much V the ^^i^^ is similar to that shown eariier in Rg 9, however the key 

20 differences to note In Rg 11 are the provision of reliable wireless connectivity in an 
underground environment and the use of fibre coils as emergency microphones (ref Rg 
8). This microphone capability would allow a cry for help anywhere along the tunnel to be 
promptly detected and piri*pointed. 

25 Remote environmental monitoring along a cable route: in remote monitoring 
methodologies for networks, the onset of possible failures can be detected early at a 
central location and remedial action taken before service outage occurs. Whereas this Is 
relatively straight f onward within buildings such as telephone exchanges and switching 
centres and the like, things become far less straight fonward in ttie field, yet that is where 

30 the greatest vulnerability lies. Historically remote monitoring systems In tiie field on key 
trunk routes, monitor for example the air pressure In cable jolrits along the route, or water 
level in deep man holes, with tiie data being sent to the local exchange. Because of the 
cost and complexity of the infrastructure needed for these systems they are not 
widespread, and consequently the bulk of the cable plant in the network is not remotely 
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monitored on a continuous or even peridclic basis. This could be remedied by deploying 
sensors and clip*ons throughout the network, as shown in Fig 12. 

Cltp-^ns could be deployed at relevant locations along the route of the fibre cable, 
5 principally at man holes, surface access points, distribution cabinets and the liice. A suite 
of sensors at each location deliver their data (continuously or periodically as required) to 

^ the cKpron.which couplesio the fibre (possibly via the sheath of the cable). The particular 

mix of sensors will be chosen In relation to the local circumstances, for example, perhaps 
full environmental monitoring in main man holes that house many primary routes, but a 
10 limited suite elsewhere. Where considered appropriate a wireless access point could also 
be connected to the clip-on, allowing the maintenance crew to upload data directly to the 
" local exchange. 

.In^.one of the embodiments represented in Rgure 1 to 2, the wall-mounted wedge 
15 achieves good coupling to the fibre partly because it is embedded in a solid, acoustically 
conductive material, such as that used in medical ultra-sound scanning heads. 
Furthenmore the fibre within the wedge would likely be stripped of its primary coating, 
although it would be left in-tact on either side of the wedge. The fibre and wedge are 
effectively a single factory-assembled piece* 
\ " 20 ^ ■ " ■ . " 

To deploy such an arrangement in practice, for example throughout a hospital ward, it will 
be necessary to limit the length of the fibre on either side of the wedge to short tails, say 
2m long. These tails would then be spliced to the fibre cable that is laid around the ward 
or wtiatever the locality Is, see Figure 13. 

25 

Although this approach is straight forward, the need to double-splice every wedge 
connector into the fibre infrastructure is time consuming and arguably the risk element In 
the installation process. A more efficient and robust approach would be to deploy a 
continuous fibre cable around the locality, then attach wedge connectors to the cable 
30 where required; This could be achieved by adopting a split-wedge concept. 

Split wedge concept: by the designing the wedge as two passive elements which clamp 
together around the fibre cable (Rg 6), the wedge can be readily retro-fitted to the cable. 
This will simplify the installation process and reduce potential vjeak points along the cable. 
35 This approach can be applied equally to a fibre cable that comprises merely a primary 
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coated fibre, or a larger diameter cable wjth an outer protective polythene sheath etc. The 
latter might be the cable of choice since it is more robust than primary coated fibre and . 
hence can be installed with less risk of damage. 




5 
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Claims 




1. A modulatorariingement for acoustically modulating optical radiation. , the modulator 
arrangement comprising: a waveguide portion formed from a flexible material; a vibrator 
5 element for generating acoustic vibrations; and. a coupling arrangement for reledsably 
coupling the vibrating element to the waveguide portion, the coupling arrangement 
including a first coupling member secured^© the waveguide portion, and a second 
coupling member secured to the vibrator element, wherein the second coupling member is 
removable from the first coupling member, and wherein the firat coupling member has a 
10 substantially rigid portion for retaining the shape of the waveguide when the second 
coupling member is removed from the f iret coupling member. 

2. A modulator arrangement as claimed in claim 1 , wherein the first and second coupling 
members have a coupled state In which the vibrator means is coupled to the optical link, 
, "'^ ^"^ decoupled state in which the vibrator means is not coupfed to the optical link, th? 
firat and second coupling members having respective first and second cooperating 
surfaces which oppose one another when the ffrst'and second coupling means are in the 
coupled state. 

20 3. A modulator arrangement as claimed in claim 1 or claim 2. wherein a bora is provided 
~ in the first coupling member though which the optical waveguide portion extends. 

4. A modulator arrangement as claimed in any of. the preceding claims, wherein a cut out 
portion Is provided in one of the first and second coupling membera for receiving the other 

25 of the first and second coupling nrtemisera. 

5. A modulator arrangement as claimed in any of the preceding claims, wherein one of the 
first.and second coupling members is provided with a wedge shaped portion, the oiher of 
the first and second coupling membera being provided with a V-shaped groove for 

30 receiving the Mfedge shaped portion. 

6. A modulator arrangement as claimed in any of the preceding claims, wherein a resilient 
member is provide for retaining the first and second coupling membera in a coupled 
position. 
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7 A modulator krrangement as claimed In any of the preceding claims, wherein the optical 
- waveguide Is formed by an optical fibre, or an optical fibre cabid tiaving a protective 
. sheath with one or more fibres therein. 

5 8 A -modulator arrangement as claimed in.any pf the preceding claims, wherein the 
vibration means Includes at least one region of piezoelectric material for generating 

^^biB^ons- . . .. . 

9 A modulator arrangement as claimed In any of the preceding claims, wherein at least 
10 *a first coupling member Is arranged to provide, in the coupled state, a coupling medium 

for carrying acoustic vibrations to the waveguide. 

10 A modulator anangement as claimed in any of the preceding claims, wherein the first 
and the second coupling members are arranged to provide, in the coupled state, a 

15 coupling path for carrying acoustfc radiation between the vibration element and the 
waveguide portion. 

1 1 Corfimunlcatlons apparatus Including an optical link, a monitoring station for receiving 
senslrig signals previously transmitted onto the optical link, and a modulator arrangement 

20 accowling to any- preceding claims for modulating data onto the sensor signals, wherem 
-the sensing signals are formed by pairs of signal copies, which copies of a pair have a 
. time delay relative to one another, and wherein the monitoring statton Is configured to 
combine the respecilve.slgnals of a pair so as to extract the modulated data. 

25 12. Communications apparatus as claimed In dalm 11. wherein the monitoring station 
Includes an optical source for transmitting the sensing, signals onto the optical link, the 
sensing signals being returned along the link to the monitoring station. 

13. communications apparatus as claimed in claim 12. wherein reflector means are 
30 ... provided to return the sensing signals. 

14. communications apparatus as claimed in any of claims 11 to 13. wherein the time 
delay Is greater than the Inverse of the frequency of the modulation. 



15. Communications apparatus as claimed In any of claims 11 to 13, wherein the delay is 
at least 30 ^s, preferably at least 100 MS. 

16. ComiriiUhicatlons apparatus as claimed In any of claims 11 to 15, wherein the 
5 moriiltoring station Includes interferometer meaihs having a path, difference assodated 

therewith for introducing a time delay between signal copies of a pair. 

17. Communications apparatus as claimed in claim 16. wherein the interferometer means 
is used to temporally re-align the returned signal copies of a pair. 

18. Communications apparatus as claimed in any of claims 12 to 17, wherein the optical 
source has a coherence time associated therewith, the coherence time being longer than 
the time delay between copies of a pair, preferably by at least a factor of 3, yet more 
preferably by at least a factor of 10. 

19. A communication system Including: an optical waveguide; a plurality of attachment 
points located at intervals along the optical waveguide; a protective covering for protecting 
the waveguide between the attachment points, the protective covering having a coupling 
area associated therewith; and, a removable acoustic modulator component for 
temporarily attaching to the waveguide at one of the attachment points, wherein at each 
attachment point there is provided a first coupling member permanently coupled to the 
waveguide, each first coupling member having a respective coupling area,.the modulator 
component having a second coupling member for coupling to the coupling area of a first 
coupling member, the coupling area of each first coupling member being greater than the 
coupling area provided by the protective covering. 

20. A method of using a communication an-angemeht' which includes an optical 
waveguide, removable modulator means for acousUc modulating light travelling along the 
optical waveguide, a plurality of access points along the waveguide at which access 
points a respective coupling surface for coupling acoustic vibrations to the waveguide can 
be accessed, the fibre being inaccessible between the access points, the modulator 
component being releasably connectable to coupling surface an access point, wherein the 
method includes the steps of. connecting the modulator means to one access point; 
generating acoustic vibrations such that the acoustic vibration cause a modulation of light 



travelling along the waveguide; and; removing the modulator means from the access 
point. ■ 

21. A method as claimed in claim 1 including llie further step of. after removing the 
modulator means from one access point, attaching the modulator means to another 
access point . 

22. A method of using a communication anungement which includes an optical 
waveguide, removable modulator for causing acoustic vibraUons which modulate B^^^ 
travelling along the optical waveguide, a plurality of attachment points along the 
waveguide at which the modulator can be attached, wherein the modulator is releasably 
connectable at the attachment points and Is. not connectable between access pplhts. the 
method includes the steps ofc. connecting the modulator to an access point; causing 
acoustic vibrations such that the acoiBtic vibration cause a modulation of light travelling 
along the waveguide; and, removing the modulator means from the attachment point. 

23. A rrioduiator arrangement as claimed in any claims 1 to 10, wherein the first coupling 
member includes a first component and a second component, each component having a 
respective arcuate receiving surface, such that when the first and second component are 
brought together, the receiving surfaces fonn a bore in which the optical link can reside. 
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Abstract 
Acoustic Modulation 



The present "invention relates to the modulation of light 
traveling along a waveguide, in particular to the acoustic . ^ 
modulation of the light. There is provide a modulator 

arrangement f or '''^^^ 

10 The modulator; arrangement has: a waveguide portion formed 
from a flexible material; a vibrator element for generating 
acoustic vibrations; and, a coupling arrangement; for 
releasably coupling the vibrating element to the waveguide 
portion, the coupling arrangement including a first coupling 

15 member secured to the waveguide portion, and a second 
coupling member secured to the vibrator . element . The second 
coupling member is removable from the first coupling member; - 
and the first coupling member has a subst€mtia[lly rigid 
portion for retaining the shape of the waveguide when the 

20 second coupling member is removed . from the first coupling 
'.member. . 
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